The parametric decay of a whistler wave into a backscattered whistler wave and a forward scattered ion acoustic wave is investigated. The coupling coefficients for propagation parallel to a static magnetic field are derived in a homogeneous model, and applied to a model magnetosphere of the Earth by simulating gradients in the background plasma parameters in the direction of the magnetic field line with a set of damping coefficients. Computer model calculations are carried out for wave propagation inside the plasmapause along the field line L = 4 and it is shown that a minimum of the threshold field as expected appears in the equatorial region where the plasma is most homogeneous. The threshold field for a lOkHz wavc in the equatorial region is estimated to be 1 mVm-', while the growth rate corresponding to this field strength is 2 4 Hz, which is an order of magnitude below the ion acoustic frequency. However, additional regions are found between the equatorial region and the ionosphere, where the gradients in the plasma parameters tend to match in such a way as to create regions of interaction with threshold fields of the same magnitude as those found in the equatorial region.
Introduction
Coherent narrow band whistler mode waves in the Earth's magnetosphere have been studied intensively in the past decades. One of the reasons for this is the many spectacular phenomena associated with the waves. The most well known feature is probably the generation of triggered emissions by morse code dashes transmitted from ground based VLF transmitters. In this instability a monochromatic wave excites emissions at frequencies rapidly varying in time, typically several kHz s-l, forming risers, fallers, or hooks in frequencytime spectrograms [ 11. Other types of interactions include suppression of naturally occurring hiss by monochromatic transmitter signals in a band 100-200Hz just below the transmitted frequency [ 2 ] , generation of harmonics of the local power supply frequency above industrial areas [3] , amplitude modulation of key-down transmissions [4] , and the generation of sidebands by monochromatic signals [5] . Contrary to triggered emissions the frequencies of the sidebands are almost constant in time appearing a few Hz to several tens of Hz from the carrier wave frequency, Coherent whistler waves are studied mainly with the use of ground based transmitters. These may be VLF transmitters for communication purposes like the NKL stations [6] , navigation systems transmitters as the ones of the Omega system [7, 81, or transmitters especially designed for the study of whistler mode waves in the magnetosphere like the Siple transmitter in Antarctica [9] .
Since linear whistler mode theory does not predict any of the cited phenomena, some non-linear processes must be operative. The most widely discussed possibilities are interactions between the waves and the resonant electrons. Thus stimulated emissions are thought to be well described in terms of a resonant waveparticle interaction. However, not all observations are satisfactorily understood, e.g., the explanation of the sideband observations is still open.
Alternative non-linear processes are parametric whistler wave-wave interactions. In [ l o ] it is found that the decay of a whistler wave into a daughter wave and an ion cyclotron wave may explain the precipitation of 0' and H+ ions accompanied by amplified ULF hisses during magnetic storms, and in [ 111 it is concluded that the modulational instability of whistler mode signals should be effective in the equatorial region. In [I21 it is argued that the parametric excitation of kinetic AlfvCn waves by whistler waves should be operative in space plasmas, while [13] considers a non-linear mixing of two whistler waves a possible generation mechanism of Alfven waves. In [ 141 the modulation of natural occurring broad band whistler mode signals by magneto acoustic perturbations are proposed to explain observations of modulated VLF emissions, and in [ 151 the decay of a whistler wave into a daughter wave and an ion acoustic wave is speculated as a mechanism for triggering precursors (rising frequency emissions which occasionally are observed to precede 2 (or more) hop whistlers).
However, these papers do not include a detailed discussion of the influence of the inhomogeneity of the magnetosphere, which is important both for resonant whistler-electron interactions, and whistler wave-wave interactions. Due to the gradients in density, field strength, temperature, etc., waves (or particles) may slip out of resonance as they propagate away from a point of resonance thereby reducing the interaction time. As whistler waves propagate mainly along the magnetic field of the Earth, the equatorial region is the most homogeneous part of the magnetosphere seen by these waves, and resonant whistler interactions are consequently thought mainly to occur here. This is experimentally confirmed in the case of resonant whistler-electron interactions.
We have then felt a need to investigate in detail the possibility of whistler wave-wave interactions in the magnetosphere not only in the equatorial region, but also in regions with large gradients in the plasma parameters. For this purpose the parametric decay of a whistler wave into a daughter wave and an ion acoustic wave has been chosen. This interaction was predicted in [ 161 and experimentally verified in [17] . An important point of the paper is to demonstrate the possibility of gradient matching, i.e., the gradients are such that the propagating waves stay in resonance, although the medium may be strongly inhomogeneous. Such a possibility may also exist for other parametric interactions and could be of importance in laboratory plasmas (see [ 181 for a review on non-linear wave effects in laboratory plasmas), as well as in ionospheric modification experiments, since the information extracted in these experiments relies on the understanding of the parametric decay process [19, 201. In Section 2 we describe the model and the method used, and set up the equations, governing the interaction. A method accounting for the effect of inhomogeneities along a field line is described by the concept of a finite interaction length, and expressions for the threshold field, the initial growth rate, the saturation time, and saturation field are derived. In Section 3 computer calculations are carried out for a model magnetosphere of the Earth along the dipole field line L = 4, assumed to be just inside the plasma pause. Section 4 offers a discussion in which the more general results are outlined and related to other non-linear wave-wave and wave-particle interactions, and Section 5 contains the conclusion.
Basic equations 2.1, Homogeneous case
The interaction is described in the two fluid model for a fully ionised magnetized plasma consisting of electrons and one species of singly ionised ions. The ratio of the energy density of the pump wave to the energy density of the plasma is assumed to be small for the threshold amplitude, which enables the use of simple perturbation techniques to calculate the quantities of interest.
The interaction can be written in a symbolic form:
where TO is the pump whistler wave, TI the scattered whistler wave, and L the ion acoustic wave. "T" stands for transverse and "L" for longitudinal. The parametric decay imposes some conditions on the frequencies o and the wave numbers k:
The analysis is substantially simplified by choosing the k vectors aligned with the static magnetic field, while the physics of the interaction is retained. We will, therefore, restrict the analysis to this simple geometry. The frequencies are all positive and the z-axis of the coordinate system is parallel to the static magnetic field Bo. kTo and kL are parallel while kTo and kT1 are antiparallel:
Since OL < WT the approximate relations oTo cx o T 1 , k T O cz -kTl , and 2kT0 2: kL are valid. The matching conditions are shown in Fig. l(a) and the geometry of the interaction in Fig. l(b) . In consistence with eq. (2) the background plasma is assumed to be uniform and infinite and all perturbations from this state to happen in the z-direction.
The basic equations are the continuity and momentum equations for the electron and ion density ni,, and velocity Vi,,:
where ei,e is the ion and electron charge, ei = -e,, mi,, and Ti,, the ion and electron mass and temperature, K Boltzmanns constant and E, B the electric and magnetic fields. The parameter vi,, is a term which simulates the effect of Landau and collisional damping.
Maxwell's equations are:
and Poisson's equation:
where p is the charge density, c the velocity of light in vacuo, and eOpO = l/cz.
and the adiabatic equations are used to close the system: J is the current density:
(8) (9) where Ai,e is a constant and Y~,, = (qi,, + 2)/qi,,, with qi,, the number of degrees of freedom for the ion and electron population.
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The subscript "1" on the perturbed quantities in eq. (10) has been omitted where no confusion is possible, The perturbations are assumed to have the same functional dependence of z, t as the electric field:
( 1 1) The function 9 ( t ) is in general complex and slowly varying with time, i.e., second and higher order time derivatives can be neglected. The whistler and ion acoustic waves decouple completely in the linear regime. Here the perturbations in the whistler mode all appear in the x-and y-components while the ion acoustic perturbations appear in the z-component. All x, y-components are thus identified as belonging to the T mode and the zcomponents to the L mode.
With this notation, the linear dispersion relation of ion acoustic waves may be expressed as vLi = vLe.
(10)
The non-linear whistler equations
From the y-component of eqs. (4) and (9, and from eq. (6) we find after some manipulation:
Polarization and linear relations
The whistler wave field rotates in the same sense as the electrons gyrate around the magnetic field lines, independent of the ray direction. Consistent with eq. (2) we then express the perturbations in the electric and magnetic fields, and the velocity perturbations of ions and electrons as:
For q T ( t ) = \kg eq. (13) becomesbTET = D , T E~ where:
and D: = 0 is the linear dispersion relation for the undamped whistler mode.
Assuming the pump wave field to be much larger than the scattered wave field, i.e., restricting the analysis to the initial phase of the instability, an expansion about the linear solution for the damped pump whistler wave gives the equation for the coupled whistler waves: 
As mi S me it is assumed that uT S w,i and v T~ 21 0.
that wci > 0 while u,, < 0.
The linear relations relating EL, vLiq e and nLi, e are:
where we have imposed perfect k-matching but allowed for a small frequency mismatch by allowing $ = uT0 -uT1 -wL to be small, but possibly non-zero. The coefficients Fj and Aj are real and positive for wTo z uT1 >> uL which indeed is true for the interaction considered. Arriving at eq. (14) linear relations have been used to express the non-linear terms through ET, EL, and second and higher order time derivatives of q T , \kL, and off resonant terms have been neglected. The main contribution to the coupling coefficients Aj comes from the non-linear current nhvTo.
The non-linear ion acoustic equation
The equations are solved with the usual assumption that me 0. This reduces the linear dispersion relation from a fourth order to a second order equation and the electron acoustic dispersion relation is left out.
With the z-component of the fluid eqs. (3), (4) and Poisson's equation (7) we find:
,te
In eq. (15) a shorthand notation for the z component of the vTe x BT force has been used.
For \kL(t) = \ki, eq. (1 5 ) becomes DLEL = DOLEL where:
and DOL = 0 is the linear dispersion relation for undamped ion acoustic waves. Using a similar technique as when deriving the whistler equations we find:
The coupling coefficients of eqs. (14) and (16) are consistent with those found in [21] .
Inhomogeneous case
When applying the theory on ionospheric and magnetospheric plasmas, two serious shortcomings of the model are encountered. First it is well known that whistler waves generally propagate with wave normals oblique to the magnetic field of the Earth and not, as assumed in this model, with wave normals parallel to the magnetic field, and second, the ionosphere and magnetosphere are far from being homogeneous.
Concerning the wave normal angles the present model is obviously not adequate, but it is the hope, however, that at least for small angles, which are common if the waves are ducted or propagate just inside the plasma pause, the features of the instability are reasonably well displayed.
The influence of gradients in the plasma parameters is analyzed for longitudinal gradients only, which in the present case is in the directions of the group velocities.
For gradients in the z-direction the WKB approximation for the k vectors is used and the wave number mis-match is expressed as:
(1 7) If the waves are in resonance at z = zo they will become progressively further off resonant as they propagate away from this point. The idea is now that the interaction is assumed to be switched off when the mis-match reaches n/2, which defines the interaction length Li:
A set of damping coefficients due to inhomogeneities can be defined in terms of the interaction times TL, TT which is the time it takes the waves to travel the distance Li.
where VgL, V, are the group velocities of the waves. ( r T ) i & is the coefficient for the transverse waves, replacing (or adding to) r T j of eq. (14), and (I'L)inh the coefficient for the ion acoustic wave replacing rL of eq. (16).
The introduction of these artificial damping coefficients corresponds to treating the interaction as an absolute instability although it is a convective instability, by simulating convection out of the interaction region with damping of the interaction. To justify the procedure we mention that for stimulated Raman scattering it gives results within a factor 2 of a more rigorous treatment [22] .
Evolution of the interaction
The physics of the interaction is as follows. The beat between the pump wave and the scattered wave creates through the v x B force a low frequency density perturbation (the ion acoustic wave) in which the electrons oscillate with the so-called "quiver" velocity vToe. This non-linear current generates in turn the backscattered wave. The interaction is equivalent to the Bragg condition for reflection of light in a crystal, where the ion acoustic wave length corresponds to the distance between the reflecting lattice planes.
Using linear relations the energy density ej of the waves can be expressed on the form: (20) it is easy to show that the energy of the interaction is conserved in the undamped case, i.e., when rj = 0. Conservation of energy may be expressed on the form: the so-called Manley-Rowe relations which state that when wL < wT0, w T 1 , most of the pump wave energy goes to the backscattered whistler wave.
Equations (14) and (16) are non-linear coupled equations for the slowly varying amplitudes \kTo, \kTl and \kL. If qTo S \kTl, \kL, then \kTo may be considered constant in the initial phase of the instability and eqs. (14) and (16) can be linearized. Using \kT1 and \kE exp (-i$t) as the amplitudes, the coupled equations then have constant coefficients and solutions proportional to exp (-iS2t). The dispersion relation for the coupled waves then becomes: (22) Dividing S2 in a real and an imaginary part the threshold pump field is found for the imaginary part equal to zero:
There are two contributions to the threshold field. The one term, r T l , L , is caused by damping and the other by the frequency mis-match @. Well above the threshold field, the growth rate is: From the Manley-Rowe relations it is seen that the ion acoustic wave acts as a cathalyst rather than taking part in the energy exchange. We may then alternatively assume \kL(t) to be constant, and using eq. (14) for the undamped case we have again coupled differential equations with constant coefficients:
The solution of eq. (27) is a linear combination of a cosine and a sine function where the amplitudes oscillate between \kTl(t = 0) and \kTo(t = 0) (for onset of the interaction at t = 0) with a frequency:
For tlt = n/4, \kTo = \kTl and the waves change role, i.e., the scattered wave becomes larger than the pump wave. However, the solution is only valid for )\kT0I B I \kT, I and we may define a saturation time Tmt as the time when \kTo = \kTl (although the validity breaks down before this point is reached):
Alternative measures of the strength of the interaction are the e-folding ef defined as:
where Im ($2) is the initial growth rate and TT the interaction time of the scattered whistler, and the saturation field \kLat defined as:
Depending on the information available on the interacting waves, the initial growth rate eq. (24), the saturation time eq. (29), the e-folding eq. (30), or the saturation field eq. (31) may be used as crude measures of the strength of the interaction. The key parameter is, however, the threshold field, since interactions only occur for the pump wave field exceeding the threshold field.
Calculations in a model magnetosphere
In this section computer calculations of some of the parameters characterizing the interaction are presented. When deciding on a specific model one faces the problem that many of the background plasma parameters like the temperature or the ion transition heights may vary considerably due to their dependence on local time, season, solar sunspot cycle, etc. Rather than trying to cover the whole range of possible temperature and density profile combinations, we have chosen essentially one model, and demonstrate how the gradients influence the instability. The magnetic field of the Earth is assumed to be a dipole field and the calculations are done along a field line within the plasmapause reaching out to 4 Earth radii from the center of the Earth (L = 4) (see Fig. 2 ). The temperature profie is shown in Fig. 3(a) . It is estimated from preliminary S3-3 mid-and highlatitude electron temperature data [23] . These are characterized by small gradients (less than 0.1"km-') and an asymptotic electron temperature of 1 : 6000K. The ion temperature is 0.7Te in all calculations presented. The TJTi ratio influence the expected Landau damping, but it is shown that in most regions the damping due to inhomogeneities is dominant. Thus the specific temperature ratio is not important in the calculations.
The electron density profde shown in Fig. 3(b) is estimated from whistler determined equatorial radial profiles [24] . Note that all parameters are shown as function of height above the surface of the Earth along the field line L = 4. Since the electron density distribution is primarily radial w i t h the plasmasphere the equatorial distribution resembles the distribution along the field lines. Three species of ions are considered: H' , He' and 0' and they are treated as one ion population with the average ion mass, The profiles shown in Fig. 3(b) are derived from [25] , and the H' -O' transition height is in agreement with ISEE-2 measurements [26] .
The instability is now examined for a lOkHz pump wave. Fig. 4(a) shows the ion sound velocity, Fig. 4(b) the pump, gyro and plasma angular frequencies, and Fig. 4 (c) the whistler mode refractive index for the lOkHz pump wave. In Fig. 5(a) is shown the interaction length (eq. IS), and in Fig. 5 (b) the corresponding interaction time (eq. 19) calculated by integrating upwards from the point of perfect match. Assuming constant gradients in the regions defined by the interaction length, waves matching at, e.g., 1 Earth radii may propagate 3 x lo5 m up or down the field line before the interaction is switched off. The values of TL and TT corresponds to a damping due to inhomogeneities of the order 10-1000 s -l . Fig. 6(a) shows the growth rate for a 1 Vm-' pump wave, Fig. 6 (b) the expected threshold field, and Fig. 6 (c) the matching ion acoustic frequency. A minimum in the threshold field appears as expected in the equatorial region where the plasma is more homogeneous, but note also the narrow regions of low threshold appearing in and above the ionosphere. The existence of these peaks is an important feature and will be further elaborated on in the following model computations. Since the damping coefficients due to inhomogeneities are well above the ion acoustic frequency, we believe it is reasonable to ignore the Landau damping of the ion acoustic waves. Above the ionosphere, the influence of collisions may also be ignored.
In Fig. 7(a) is shown the e-folding (eq. 30). To find the strength of the interaction in specific cases, the actual growth rate and e-folding are determined by multiplying the growth rate of Fig. 6(a) and e-folding of Fig. 7(a) fluctuations) are known as well, the ion acoustic saturation field shown in Fig. 7 (b) may be used to characterize the strength of the interaction. (Note that ef is based on the assumption \kTo(t) constant and is only valid in the initial stage while we have assumed somewhat more realistically that \kL(t) constant when deriving \kL .) To a 10 kHz wave with an amplitude just above the threshold field in the equatorial plane corresponds a typical growth rate of -4Hz. This is an order of magnitude less than the ion acoustic wave frequency, which confirms that it is reasonable to neglect second and higher order time derivatives. Note that the interaction length of 106m in the equatorial region is of the same order of magnitude as what is usually thought to be the interaction length for resonant electron cyclotron interactions.
The frequency dependence of the threshold field corresponding to the temperature and density profiles of Fig. 3 is illustrated in the contour plot of Fig. 8 (I\kTOltr in mVm-' ). The general trend is that the threshold field increases with frequency, a minimum of 200pVm-' appearing in the equatorial region for wTo/277 500Hz. However, narrow valleys at the topside ionosphere and between the ionosphere and the equatorial region (the peaks of Figs. 5-7) cut through to higher frequencies. The slanting asymptote above lo4 Hz is defined by lwce(z)l = wT0. For waves close to this resonance, the threshold field drops drastically, while the growth rate and e-folding increase correspondingly.
The existence of the minima are dependent on the gradients -.
-- in the temperature and densities. To demonstrate this, the profies of Fig. 9 have been used to form the contour plot in Fig. 10 . The model of Fig. 9 differs from the former in that the density gradients above the ionosphere are slightly smaller. The temperature profie and the ionospheric plasma density being unchanged, the density above the ionosphere is correspondingly higher. The valleys in Fig. 10 are still present, but not so conspicuous as in Fig. 8 . A minimum of 200pVm-' at 500 Hz now appears at -1.25 Earth radii.
Stimulated Scattering of Whistler Waves by Ion Acoustic Waves in the Magnetosphere
The following reflections demonstrate the dependence of the valleys on the gradients in the model profies. If perfect match is assumed at z = 0, the wave number mis-match can be expanded around this point:
where L,,, L,,, L , andLT are the scale lengths of the electron density, magnetic field, average ion mass and temperature respectively. With eq. (32) the interaction length (eq. 18) becomes:
At the equatorial region the plasma is fairly homogeneous and L k is large because Lpe, L,,, L , , and Lt all are large. However, L k will also be large if the scale lengths balance in such a way that the right hand side of eq. (33) The importance of damping due to a frequency mis-match is easily realized from eq. (23) . The threshold field l\kTo(@)ltr is high and the minimum at q5 = 0 relatively broad for strongly damped interactions, while I\kTo(@)ltr is low and the minimum at @ = 0 relatively narrow for weakly damped interactions. This has the effect that the spectral line of the backscattered whistler wave broadens with increased damping. In the equatorial region of the magnetosphere the model calculations predicts a frequency width of -25 Hz of the backscattered whistler wave, when the pump wave amplitude is twice the threshold. 
Discussion
In the preceding sections the interaction has been investigated essentially in one model magnetosphere with emphasis on the influence of gradients in the model parameters. In the following the dependence of the interaction on the parameters themselves is outlined. This is done by discussing the threshold field as it is given in eq. (25) Since the density drops at the plasmapause, while the temperature increases, the threshold field is in general expected to be smaller inside the plasmasphere than just outside. However, the change in temperature and density at the plasmapause depends on the altitude, being smaller closer to the earth and larger further out. From the preliminary S3-3 data reported in [23] the increase in the threshold field at 8000km height from inside to just outside the plasmapause is thus expected to be a factor 2-3, while the increase expected in the equatorial region is typically a factor 5-10 when estimated from GEOS-1 data reported in [27] .
Natural occurring whistler mode waves with amplitudes up Using to l00mVm-' have been reported [28] , and on auroral fieldlines at 2000 to 12000km altitude, field aligned d.c. electric fields, acceleration of charged particles and generation of a.c. electrostatic noise with fields up to 1 mVm-'/fiz at 35 Hz is known to occur [29, 301 . We thus believe that wave-wave interactions should be present in the magnetosphere, in particular in the acceleration region on auroral fieldlines. Here, strong electrostatic turbulence (which ensures a strong interaction for whistler waves with amplitudes above the threshold field (eq. 29)) and a maximum of the interaction length due to gradient matching may coincide, while the threshold field in general is only a factor 2-3 larger than the values found for L = 4. Also powerful signals laimched by ground based VLF transmitters may experience some backscatter in the topside ionosphere, where thresholds are down to typically 5 mVm-'. The importance of the parametric decay studied in the present paper, relative to other non-linear interactions in the magnetosphere involving whistler mode waves, will be discussed as a final point in this section.
The parametric decay is fundamentally different from whistler-electron cyclotron resonance interaction. While the former depends on the wave amplitudes and the properties of the cold plasma, the whistler-electron cyclotron resonance relies on the addition of a hot (0.2-200KeV) resonant component of the plasma. The possibility of one of the interactions then does not exclude the other as they occur for different wave-plasma conditions.
The interaction between monochromatic coherent whistler waves and resonant counter streaming electrons has been studied theoretically [31-371 and experimentally [4, 9, 38-40] . These works discuss the interaction in terms of resonant particle flux intensities and signal duration, and growth rates found in the experimental works are given in dBs-' while information on absolute values of measured fields are rather scarce. This just reflects the fact that in a collisionless plasma, theory, although non-linear, does not predict a threshold field for the resonating wave (see the computer simulations in [41] ). Recently the existence of threshold field amplitudes have been observed though [42] .
However, there have been satellite measurements of the field strength of monochromatic waves, emitted by the Siple station in Antarctica, triggering emissions. These are reported by Inan et al. [43] , who find amplitudes up to 0.5m-y (1 my = 1 pT) inside the plasmapause at L = 4. Using a refractive index of 10 this corresponds to electric fields up to 15pVm-', which is two orders of magnitude lower than the threshold field of 1 1 mVm-' for the parametric decay. Note that the gradient matching responsible for the valleys in the threshold field of Fig. 8 and Fig. 10 is equivalent to the "consistent wave condition" of Helliwell [44] and the "second order resonance" of Nunn [34] for the whistler mode-electron cyclotron resonance, Inan et al. [45] consider non-linear pitch angle scattering of electrons by coherent whistler waves in the magnetosphere and find that for a 5kHz whistler wave, linear theory begins to break down when the wave amplitude exceeds 3my and that significant scattering takes place when the amplitude is IO my.
Using again a refractive index of 10, these amplitudes correspond to electric fields of 0.1 mVm-' and 0.3 mVm-', which is an order of magnitude smaller than the 1 mVm-' threshold field of the parametric decay.
Reeve and Boswell [ 151 consider the interaction as a possible mechanism for triggering precursors (rising frequency emissions Physica Scripta 26 which occasionally are observed to precede 2 (or more) hop whistlers), and find a threshold field of 0.1 mVm-', and a growth rate of the order of the ion acoustic frequency, for a 2 kHz pump wave in the equatorial plane of the magnetosphere just inside the plasmapause. The method of the present paper predicts a somewhat more pessimistic growth rate of 2 Hz for a 2kH2, 1 mVm-' wave in the equatorial region at L = 4. The matching ion acoustic frequency is 17Hz and the threshold N 0.6 mV m-' .
Finally we mention some results obtained for other nonlinear wave-wave interactions. Shukla [ l l ] calculates the equatorial growth rate of the whistler modulational instability using the results found by Karpman and Washimi [46] and find it to be of the same magnitude as the one found in this paper. Nenowski et al.
[ 101 consider the whistler-whistler-ion cyclotron resonance and find the threshold field to be 1-10mVm-' in the equatorial region.
. Conclusion
The coupling coefficients of the whistler-whistler-ion acoustic parametric interaction have been calculated for parallel propagation in an homogeneous plasma. The result has been applied on a model of the magnetosphere of the Earth for the field line L = 4 within the plasmapause, where effects of gradients in the magnetic field line direction have been accounted for by the introduction of a set of equivalent damping coefficients. A minimum of the threshold field strength and a maximum of the interaction length has been found in the equatorial region where the gradients are smallest, but additional regions between the ionosphere and the equatorial plane with thresholds and interaction lengths of the same magnitude as those found for the equatorial region have been pointed out. These regions appear because the gradients in the plasma density, average ion mass, and magnetic field strength match. For the equatorial region typical thresholds are 0.7-1.OmVm-' and growth rates are a few Hz for a 1 mVm-' pump field strength, which is an order of magnitude less than the ion acoustic wave frequency.
The damping due to inhomogeneities has been found to be dominant relative to Landau and collisional damping, and discussing the effect of a frequency mis-match it has been pointed out that the width of the spectral line of the scattered wave is dependent on the damping in such a way as to give broad spectral lines for heavily damped and narrow spectral lines for weakly damped systems. In the equatorial region a field strength twice the threshold field strength gives a = 25 Hz width of the spectral line of the backscattered whistler wave.
The threshold field just outside the plasmapause is expected to be larger than inside by a factor 2-3 at 8000km height, and 5-10 in the equatorial region. As only a small fraction of the pump wave energy is exchanged with the low frequency ion acoustic wave, the ion acoustic wave can be regarded as a cathalyst, the strength of the interaction being proportional to the ion acoustic field strength, for pump wave fields exceeding the threshold field.
Natural occurring whistler mode waves with amplitudes up to lOOmVm-' have been observed by satellite [28] and strong electrostatic turbulence with fields up to 1 mVm-' /-z at 35 Hz is known to occur on auroral fieldlines in the acceleration region at 2000 to 12000km altitude [29, 301 . We then conclude that the parametric decay considered in this paper should be present in the magnetosphere, and suggest in particular that the acceleration region on auroral fieldlines may be favourable for the whistler-ion acoustic decay because strong electrostatic turbulence and a maximum of the interaction length due to gradient matching may coincide here. Finally, powerful VLF signals launched by ground based transmitters may experience some backscatter in the topside ionosphere, where thresholds are down to typically 5 mVm-'.
